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 （１）枯草菌 MifM-リボソーム間相互作用の全容解明に向けて 
 枯草菌 MifM は、翻訳の途上で、自身の翻訳伸長を
アレストするユニークな性質を持つ。この翻訳アレス
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（１）枯草菌 Mif -リボソーム間相互作用の全容解明に向けて
る領域への変異導入によっても MifM の翻訳アレストが不安定化されることが見出された。昨年に引き続き、こ














であるが、一方で我々は、大腸菌がこの現象を利用し、細胞内 Mg2+イオン濃度の低下時に IRD を起こすことで
マグネシウムトランスポーターの発現を亢進する仕組みを持つことも見出した。 
 
（３）大腸菌 SecM における翻訳アレストの制御機構 









３．Research projects and annual reports 
Since our discovery of Bacillus subtilis MifM as a regulatory nascent chain that monitors the 
activity of the YidC-mediated membrane insertion pathway, we have been interested in and studying a 
class of proteins called ‘regulatory nascent chains’, which function while they are still in the midst of 
the process of biosynthesis. A remarkable property of this class of nascent chains is that they interact 
cotranslationally with components of the ribosome including those of the polypeptide exit tunnel, and 
thereby arrest their own translation elongation.  The arrested state of translation elongation affects 
translation of the target gene either positively (in the case of MifM) or negatively. Importantly, the 
arrest can be stabilized or canceled in response to changes in the cellular physiology that is executed 
by the target gene function, allowing each nascent chain to serve as a unique biological sensor to 
feedback-regulate the target gene expression. In the MifM regulatory system, its translation arrest is 
released when the nascent MifM chain, as a monitoring substrate of YidC (the regulatory target), 
engages in the YidC-mediated insertion into the membrane.  The regulated elongation arrest of MifM 
enables cells to maintain the capacity of membrane protein biogenesis.  Our interests are also 
focused more generally on the mechanisms of protein localization and biogenesis, the biological 
processes where nascent substrates undergo dynamic interactions with the machineries of translation, 
targeting and translocation. We envision that our research activities outlined above may ultimately 
lead to the development of a new research area that might be called “nascent chain biology”, which 
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aims at understanding the still hidden principle of the central dogma of gene expression, where 
nascent chains are likely to play key roles. 
 
This year’s accomplishments 
1) Extensive interactions between MifM and the ribosome are involved in elongation arrest 
MifM is a regulatory nascent chain that monitors cellular activity of membrane protein 
insertase, YidC, by a mechanism involving regulated translation elongation arrest.  The elongation 
arrest requires cotranslational interactions between a specific amino acid motif (arrest motif) near the 
C-terminus of the MifM nascent polypeptide and the ribosomal components in the region from the 
peptidyl transferase center through the polypeptide exit tunnel of the large ribosomal subunit.  Our 
current analysis revealed that amino acid substitution or deletion of the region N-terminal to the 
previously determined arrest motif of MifM caused destabilization of the elongation arrest in vivo as 
well as in vitro translation reactions reconstituted from purified translation components.  These 
results suggest that the region N-terminal to the "arrest motif" also contributes to the stable 
elongation arrest most likely by directly interacting with the ribosome components. Such an 
interaction seems to involve ribosomal surface components as mutations of them also compromised 
elongation arrest.  Our analyses reveal that the elongation arrest of MifM involves extensive 
interactions between the nascent chain and the ribosome (Manuscript submitted). 
 
2) Intrinsic ribosome destabilization (IRD) by nascent polypeptide 
 Nascent polypeptide chain can participate in the regulation of the rate of translational 
elongation by cotranslationally interacting with the ribosomal components. Our current collaboration 
with Prof. Hideki Taguchi’s group (Tokyo Inst. of Tech.) now led to a discovery of a specific amino acid 
sequence of nascent polypeptides that could cotranslationally destabilize intersubunit interaction 
between the large and small subunits of the ribosome, thereby leading to a premature termination of 
translation elongation even before the ribosome reaches the stop codon.  This phenomenon, which is 
termed intrinsic ribosome destabilization (IRD), typically occurs when the ribosome is synthesizing a 
consecutive array of acidic residues and those intermitted by alternating prolines. The IRD may 
represent an intrinsic risk underlying a dynamic biological process such as translation elongation, 
during which two ribosomal subunits have to repeat ratchet-like dynamic movement hundreds of 
thousands of times to synthesize just a single polypeptide chain. However, we also found that E. coli 
takes advantage of IRD to upregulate expression of a Mg2+ transporter in response to decreased 
intracellular Mg2+concentration, thereby maintaining Mg2+ homeostasis. 
 
3) Mechanisms of arrest regulation in SecM 
We call a class of regulatory nascent polypeptides, such as MifM and SecM, "monitoring 
substrates" as they sense the activity of protein localization machinery directly and thereby enable 
real-time feedback regulation. Elongation arrest in SecM is subject to cancellation ("arrest-release") 
when its nascent chain, having an export signal sequence, engages in the Sec-mediated translocation 
across the membrane. Recent studies have shown that the Sec machinery's attempt to export the 
nascent SecM polypeptide generates a pulling-force that triggers arrest-release, presumably by 
disrupting the interactions between the amino acid residues of the arrest sequence and the ribosome, 
thus abolishing the prerequisite for the ribosomal dysfunction. Although this scheme of 
export-coupled arrest release is likely to underlie the regulated translation arrest of SecM, molecular 
mechanisms of physiological arrest release are still left for further studies. We identified a SecM 
segment, termed "arrest-release mediator," that is required for the export-coupled arrest release. This 
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segment is located outside of the ribosome but close to the tunnel exit of the ribosome. Crosslinking 
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茶谷悠平、千葉志信、伊藤維昭、田口英樹 (2018) 翻訳途上の新生ポリペプチド鎖が引き起こすリボソームの
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５．学会発表など 
伊藤維昭: Nascent polypeptide handling of the translating ribosome Microbial Genetics and Genomics 
VII. 2017 年 5 月 4-7 日 Asilomar, California（招待講演） 
藤原圭吾、樫祐太朗、伊藤維昭、千葉志信: Screening of translation arrest-releasable elements 新学術領域
「新生鎖の生物学」主催・国際シンポジウム「Protein Quality Control」2017 年 6 月 4 日 奈良・東大寺総
合文化センター 
由良隆、宮崎亮次、藤原圭吾、千葉志信、森博幸、秋山芳展: 大腸菌の熱ショック応答：研究の経過と現状 第１
４回２１世紀大腸菌研究会 2017 年 6 月 8-9 日 熱海（招待講演） 
伊藤維昭: トランスロコンから翻訳に立ち返って（Revisiting translation after the translocon） 第１７回日
本蛋白質科学会年会 2017 年 6 月 20-22 日 仙台国際センター（招待講演） 
伊藤維昭: 細胞機能を支える動的翻訳 多元物質科学研究所セミナー 2017 年 6 月 23 日 東北大学（招待講演） 
藤原圭吾、樫祐太朗、伊藤維昭、千葉志信: MifM の翻訳アレストを解除できる因子のスクリーニング 2017 年
度グラム陽性菌ゲノム機能会議 2017 年 8 月 25-26 日 熱海  
伊藤維昭: 生命を支える動的翻訳とタンパク質の一生 アイエム翻訳サービス株式会社主催 第３回医薬翻訳セミ
ナー 2017 年 8 月 26 日 大阪市（招待講演） 
藤原圭吾、樫祐太朗、伊藤維昭、千葉志信: Screening of Translation Arrest-Releasable Elements 新学術領
域「新生鎖の生物学」第４回若手ワークショップ 2017 年 8 月 29-31 日 京都・関西セミナーハウス  
伊藤維昭: Nascent polypeptide handling of the translating ribosome THE INs-and-OUTs OF MEMBRANE 
BIOLOGY 2017 年 9 月 1-3 日 Hemavan, Sweden（招待講演） 
伊藤維昭: タンパク質誕生の秘密 大隅良典氏ノーベル賞受賞記念「七人の侍」講演会 2017 年 9 月 14 日 福岡
（招待講演） 
千葉志信: 働く新生鎖の生理機能と分子機構 新学術領域「新生鎖の生物学」班会議 2017 年 11 月 8-10 日 別
府  
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I 5 月 4-7 日 Asilomar, Californi （招待講演）
藤原圭吾、樫祐太朗、伊藤維昭、千葉志信: アレスト配列にシスに付加したときに翻訳アレストを解除できるタ






 研究代表者：千葉志信、研究分担者：伊藤維昭、取得年度：H26-30 年（5 年） 
科研費補助金・基盤研究 (B) 
 課題名：非チャネル型タンパク質膜挿入マシーナリーの分子機構の解明 
 研究代表者：千葉志信、取得年度：H28-31 年（4 年） 
 
２） 学外活動  
千葉志信、藤原圭吾：新学術領域「新生鎖の生物学」第４回若手ワークショップ主催 2017 年 8 月 29-31 日、
京都 
伊藤維昭：Member, Faculty of 1000（論文評価システム） 




世界” 主催 2017 年 8 月 19 日、京都産業大学 
千葉志信、藤原圭吾：日本・アジア青少年サイエンス交流事業「さくらサイエンスプラン」（代表者：加藤啓子・
京産大総合生命科学部教授）に協力 2017 年 7 月 25 日-8 月 2 日 
千葉志信：高大接続授業（洛西高校） 2017 年 7 月 27 日 
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外部資金
学外活動
